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[57] ABSTRACT

An external shaft rotary piston machine wherein pistons
of a piston rotor run in engagement with a cavity of a
circular cylindrical sealing rotor during a particular
relative rotational position of the rotors, the cavity
being substantially larger than necessary for passage of
the pistons in order to avoid flow losses due to seal
wedging flow and compression. In order to avoid over-
flow from the high pressure side to the low pressure
side of the machine through the sealing rotor while the
pistons move in the sealing rotor through the space
defined by the cavity, a sealing effect is created by a
leading edge and a trailing edge portion of the opening
of the cavity of the sealing rotor moving along a leading
and a trailing side surface of the pistons. This 1s effected
kinematically due to the fact that the trailing edge of the
cavity opening is displaced radially inwardly and that
an edge portion extends from the trailing edge convexly
relative to the peripheral surface of the sealing rotor.

9 Claims, 8 Drawing Figures
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EXTERNAL SHAFT ROTARY PISTON MACHINE

The present invention relates generally to an external
shaft rotary piston machine and more specifically to a
machine wherein a piston rotor and a sealing rotor

rotate relative to each other within a common housing,
with surface portions of said rotors being brought into
mutual sealing engagement with each other during op-
eration of said machine. A rotary piston machine of this
kind is known from European Patent Publication No. 63
240, wherein there is described a machine which com-
prises a cavity provided in its sealing rotor which 1s
substantially larger than that required for a piston of the
piston rotor to enter such cavity. This measure offers
the advantage that no seal wedge flow of compressed
fluid occurs upon the entrance of the piston into the
cavity, which would lead to an energy loss.

The enlarged cavity in the sealing rotor may, how-
ever, result in the fact that some part, albeit small, of the
compressed gas will get back to the low pressure side of
the machine as the piston moves through the cavity. In
the embodiment depicted in FIGS. 20z to 20e of Euro-
pean Patent Publication No. 63 240, therefore, the pe-
ripheral surface of the piston rolls off onto a central part
of the sealing rotor in order to form a sealing against
such overflow. The provision of this central part, how-
ever, leads to a comparatively high constructional ex-
penditure, and, furthermore, the movement of the pis-
ton towards this central part results in local seal wedg-
ing flow or compressions which, although small, in-
volve energy losses and generate noise.

Accordingly, the present invention is intended to
provide a machine, wherein movement of the piston
through a cavity of the sealing rotor may occur in a
manner to substantially avoid the occurrence of any
squeezed flow and noise generation without the cavity
forming a detrimental space, i.e., without allowing an
undesired overflow from the high pressure side to the
low pressure side of the machine, the machine thereby
yielding a high efficiency at a low noise level.

Thus, the invention is directed to providing, with
respect to an external shaft rotary piston machine incor-
porating a piston rotor and a sealing rotor, a construc-
tion, wherein the piston may remain in permanent seal-
ing contact with edge portions of the cavity opening
during movement of the piston through the cavity in the
sealing rotor, so as almost completely to avoid the oc-
currence of a detrimental space through which the gas
might pass from the pressure side to the suction side.

SUMMARY OF THE INVENTION

Briefly, the present invention may be described as an
external shaft rotary piston machine comprising: a pis-
ton rotor having a shaft with an outer periphery which
carries at least one piston, said at least one piston having
a concave surface and a radially outer convex surface
part; a sealing rotor having a circular cylindrical pe-
ripheral surface, said sealing rotor being structured to
define an enclosed cavity comprising a receiving open-
ing having a leading and a trailing boundary edge
adapted to receive therein said piston of said piston
rotor, said cavity being larger than kinematically neces-
sary for movement of said piston through said cavity by
an additional volume adjacent to said leading and trail-
ing boundary edges so as to avoid the occurrence of a
squeezed flow of compressed fluid; and a common
housing enclosing both said sealing and piston rotors;
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said sealing and piston rotors being structured so that a
sealing point is formed between said circular peripheral
surface of said sealing rotor and said periphery of said

- piston rotor shaft; said piston being so shaped that one

of said boundary edges of said receiving opening moves
in sealed engagement along said concave surface of said
piston, with the other of said boundary edges being
displaced radially inwardly from said peripheral surface
of said sealing rotor, said other boundary edge moving
in sealing engagement along said radially outer convex
surface of said piston.

The various features of novelty which characterize
the invention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, 1ts operat-
ing advantages and specific objects attained by its use,
reference should be had to the drawings and descriptive
matter in which there are illustrated and described pre-
ferred embodiments of the invention.

DESCRIPTION OF THE DRAWINGS

In the drawings: |

FIGS. 1 to 7 show a plurality of successive rotational
positions of a rotary piston machine in the form of a
supercharger, in cross-section perpendicular to the axis
of rotation;

FIG. 8 is a sectional view showing, on a larger scale,
the contact region between the trailing edge portion of
the sealing rotor and a piston in a further embodiment;
and

FIG. 9 is a sectional view corresponding to FIG. 8
showing a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, and particularly to
FIGS. 1-7, wherein the same machine is shown in suc-
cessive rotational positions, and wherein, similar refer-
ence numerals are used to identify like parts, a machine,
in accordance with the invention, is shown as compris-
ing a housing 1 which encloses a piston rotor 2 and a
sealing rotor 3 which are supported in bearings at the
two axial ends of the housing in the usual way (not
shown) and which are in driving connection with each
other with relative rotational speeds of 1:2 by means of
two gear wheels. The rotors 2, 3 rotate in opposite
directions as shown by the arrows. The gas to be com-
pressed is sucked in through the inlet socket 7 as a result
of the motion of the pistons 4, 5 along the inner wall 6
of the housing.

The inlet socket 7 is arranged directly adjacent to the
housing portion 8 which sealingly encloses the sealing
rotor 3, and opens in a substantially tangential direction
into the circular cylindrical working space 9 swept by
the pistons 4, 5. This working space is limited internally
by a hollow shaft 10 of the piston rotor 2, the pistons 4,
S5 being secured to the peripheral surface thereof. As
illustrated, the pistons are secured to an outer hollow
cylindrical rotor portion 11 rigidly surrounding an inner
hollow shaft 12.

The hollow shaft 10 encloses a stationary hollow
cylindrical control sleeve 13 comprising an aperture 14
provided in its wall and extending over an angular arc.
Further apertures 15, 16 situated in front of the pistons
4, 5 with respect to the sense of rotation are provided in
the hollow shaft 12. Upon rotation of the rotor 2, the
apertures 15, 16 of the hollow shaft 10 pass over the
aperture 14 and the compressed gas in the annular space
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9 may flow inwardly into the outlet channel 17 which is
enclosed by the sleeve 13.

The outlet aperture 14 in the wall of the sleeve 13 as
well as the inlet channel 7 are arranged to be as close as
possible to the sealing rotor 3 in order to reach a com-
pression ratio as high as possible upon each revolution
of the pistons 4, .

By rotation of the control sleeve 13, the angular posi-
tion of the outlet aperture 14 may be altered in order to

control the delivery of the machine. For optimal deliv-
ery, the aperture 14 is closed, as shown mn FIG. 3,
shortly after the outer peripheral surface 19 of the pis-
ton 5 or 4 moving along on the inner wall 6 of the hous-
ing has left the edge 20 of the annular working space 9.
In order to enable the apertures 14 to be closed as late
as posmble, the trailing boundary surface 21 of the aper-
ture 16 in the hollow shaft of the piston rotor is cut back
from the piston J.

As soon as the piston S has ceased to be in contact
with the inner wall 6 of the housing after leaving the
housing edge 20, the pistons 4, § begin to compress a
certain amount of gas into the cavity 22 of the sealing
rotor 3, until the trailing edge portion 23 of the recetv-
ing opening 24 of the sealing rotor has come into sealing
proximity or contact with the piston 5. The gas com-
pressed into the cavity 22 of the sealing rotor during this
short angle of rotation of the piston rotor gets back to
the suction side of the machine and, thus, reduces the
efficiency of the machine.

In accordance with the provisions of the present
invention, this angle of rotation is reduced to a mini-
mum, as the trailing edge portion 23 of the opening 24
comes into sealing proximity with the piston 5 substan-
tially earlier than is possible with known principles of
construction. The drawing shows that the trailing edge
25 of the receiving opening 24 of the sealing rotor is
displaced radially inwardly, while the leading edge 26
of the receiving opening 24 is arranged to be at the
outer periphery of the sealing rotor.

The edge portion of the receiving opening 24 runs out
in a curve from this inwardly displaced trailing edge 25
of the sealing rotor and merges continuously into the
peripheral surface of the sealing rotor. Due to the re-
quirement that the leading or first edge 26 at the periph-
ery of the sealing rotor should move along on the lead-
ing piston surface 28 and the trailing, radially inwardly
displaced boundary edge 25 of the receiving opening 24
should move along on a radially outer part 29 of the
trailing piston surface, while the curved edge portion 23
of the receiving opening 24 should roll off on a radially
inner part 30 of the trailing piston surface, the cross-sec-
tional shape of the pistons 5, 4 1s geometrically deter-
mined. Consequently, the cross-sectional shape of the
pistons 5, 4 is designed to be approximately S-shaped.

The trailing or second edge 25 of the sealing rotor
glides along the convex surface part 29 as shown in
FIGS. 4 and 5, and consecutively the curved edge por-
tion 23 rolls off on the concave surface part of the trail-
ing piston surface, as shown in FIGS. 6 and 7. In this
manner, the width of the receiving opening 24 of the
sealing rotor is reduced to the minimum for a given
thickness of the piston, so that the machine exhibits
minimal losses by reason of leakage from the high pres-
sure side to the low pressure side. The breadth of the
pistons 4, 5, measured in the peripheral direction, deter-
mines the size of the receiving opening 24 in the sealing
rotor. This breadth is selected to a predetermined value
so as to maintain an adequate sealing between the pe-
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ripheral surface of the pistons and the inner surface 6 of
the housing 1. For an improved sealing, it is possible to
provide sealing strips secured to the periphery of the
pistons, preferably based on the principle disclosed in.
German Patent Publication No. 30 05 694.

As a result of the present invention, it is possible
without any disadvantage to enlarge the cavity 22 of the

sealing rotor to such an extent that the sealing rotor
may be constituted by a thin-walled cylindrical shell. In

order to mechanically balance the sealing rotor rotating
with higher speed, with respect to the piston rotor’s
doubled rotational speed, the portion of the sealing
rotor adjacent the leading edge 26 of the opening and
the trailing, curved edge portion is solidly constructed
and may comprise, e.g., separate strips 31, 32 secured to
the wall of the sealing rotor. Such a separate construc-
tion of strips thus bordering on the receiving opening 24
facilitates the precise finishing of the outer surface con-
tours of the edges 25 and 26 as well as of the convexly
curved portion 23 adjacent the edge 25. The edges 25,
26 may be relatively sharp, as shown in FIGS. 1 to 8,
but nevertheless, they may comprise a rounded cross-
section as well.

It is advisable to provide a slight rounding of the
edges, as a sharp edge could lead to sealing losses due to
wear. Because the sealing rotor has the shape of a thin-
walled cylindrical shell, and additionally due to the
provision of the mentioned strips forming the edges or
walls of the opening, the sealing rotor is substantially
easier to manufacture 1n companson to known con-
structions.

FIGS. 8 and 9 show two embodiments of the inven-
tion in which measures have been taken to avoid any
squeezed flow which might occur, even though to a
limited extent, if the convex edge portion 23, according
to the embodiment of FIGS. 1 to 7, rolls off onto the
shaft of the piston rotor up to the peripheral surface 33
thereof. In the embodiment according to FIG. 8, the
convexly curved portion 34 adjacent to the edge 25,
which rolls off onto the piston 5, is substantially re-
duced for this purpose, due to the fact that a recess 36 is
provided between this portion 34 and the peripheral
surface 385 of the sealing rotor. It will be understood that
a plurality of smaller recesses, one behind another, in-
stead of one single recess 36, could also be provided.

The embodiment according to FIG. 9 shows a recess
37 in the portion of the piston joining in the radially
inward direction of the outwardly convex surface part
29 of the piston 5 and merging into the peripheral sur-
face 33 of the shaft of the piston rotor, which likewise
reduces the seal wedging flow leading to losses. It will
be understood that such recess 37 may also be replaced
by several smaller recesses. Furthermore, in both em-
bodiments, the recesses 36, 37 can also be provided in
greater numbers adjacent one another in the axial direc-
tion of the rotor, so that they are separated from one
another by web portions (not shown). These web por-
tions counteract any reduction in cross-section, €.g., in
the region of the root of the piston 5.

Thus, it will be seen that, with the invention, the
pistons 4, 5§ of the piston rotor 2 run into engagement
with a cavity opening 24 of a circular cylindrical sealing
rotor 3 during a particular rotational position. The seal-
ing rotor 3 encloses the cavity 22 which is substantially
larger than would be necessary for the passage of the
pistons 4, 5 in order to avoid flow losses due to squeezed
flow and compressions. In order to avoid an over-flow
from the high pressure side to the low pressure side
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through the sealing rotor while the pistons move in the
sealing rotor through the free space, a sealing is effected
inasmuch as the leading edge and the trailing edge por-
tion 23 of the cavity opening 24 of the sealing rotor
sealingly move along on a leading and a trailing side
surface 28, 29 of the pistons. This is effected kinemati-
cally due to the fact that the trailing edge is displaced
radially inwardly and that an edge portion runs out
from this edge convexly to the peripheral surface of the
sealing rotor.

While specific embodiments of the invention have
been shown and described in detail to illustrate the
application of the inventive principles, it will be under-
stood that the invention may be embodied otherwise
without departing from such principles.

What is claimed 1s:

1. An external shaft rotary piston machine compris-
Ing:

a piston rotor having a shaft with an outer periphery
which carries at least one piston, said at least one
piston having a generally radially extending curved
configuration with a concave surface on one side
thereof and a convex surface on an opposite side
thereof:

a sealing rotor having a circular cylindrical periph-

eral surface, said sealing rotor being structured to

define an enclosed cavity comprising a receiving
opening having a leading and a trailing boundary
edge adapted to receive therein said piston of said
piston rotor, said cavity being formed to consist
essentially of a volume portion kinematically nec-
essary for movement of said piston through said
cavity and of an additional volume portion in ex-
cess of said kinematically necessary portion adja-
cent to said leading and trailing boundary edges,
said additional volume and said kinematically nec-
essary volume portion being contiguous and form-
ing the entire volume of said cavity, said cavity
thereby being larger than kinematically necessary
for movement of said piston through said cavity by
said additional volume portion so as to avoid the
occurrence of compressed effects upon fluid
squeezed between surfaces moving rapidly toward
each other; and

a common housing enclosing both said sealing rotor
and said piston rotor; |

said sealing rotor and said piston rotor being struc-
tured so that a sealing point is formed between said
circular peripheral surface of said sealing rotor and
said periphery of said piston rotor shaft; |

said piston being so shaped that one of said boundary
edges of said receiving opening moves in sealed
engagement along said concave surface of said
piston with the other of said boundary edges being
displaced radially inwardly from said peripheral
surface of said sealing rotor and being formed be-
tween said volume portion kinematically necessary
for movement of said piston through said cavity
and said additional volume portion, said other
boundary edge moving in sealing engagement
along said convex surface of said piston.

2. A machine according to claim 1 wherein said seal-

ing rotor is in the shape of a circular cylindrical shell,
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said shell. |
3. A machine according to claim 8 wherein said

boundary edges of said sealing rotor extend parallel to
the axis of rotation thereof, said machine further com-
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prising strips defining said edge portions secured to the
wall of said shell.

4. A machine according to claim 1 wherein said seal-
ing rotor is formed with an edge portion which 1s con-
vexly curved taken relative to the axis of rotation
thereof which extends from said other of said boundary
edges in a direction toward said peripheral surface of
said sealing rotor, said convexly curved edge portion
rolling off on a surface portion of said part during oper-
ation of said machine.

5. A machine according to claim 4 wherein said con-
vexly curved edge portion merges continuously into
said peripheral surface of said sealing rotor with a vary-
ing radius of curvature and rolls off on said piston up to
the peripheral surface of said shaft of said piston rotor
during operation of said machine.

6. An external shaft rotary piston machine compris-
Ing: |
a piston rotor having a shaft with an outer periphery

which carries at least one piston, said at least one
piston having a concave surface and a radially

outer convex surface part;

a sealing rotor having a circular cylindrical periph-
eral surface, said sealing rotor being structured to
define an enclosed cavity comprising a receiving
opening having a leading and a trailing boundary
edge adapted to receive therein said piston of said
piston rotor, said cavity being formed to consist
essentially of a portion kinematically necessary for
movement of said piston through said cavity and of
an additional volume adjacent to said leading and
trailing boundary edges, said cavity thereby being
larger than kinematically necessary for movement
of said piston through said cavity by said additional
volume so as to avoid the occurrence of compres-
sive effects upon fluid squeezed between surfaces
moving rapidly toward each other;

a common housing enclosing both said sealing rotor
and said piston rotor;

said sealing rotor and said piston rotor being struc-
tured so that a sealing point is formed between said
circular peripheral surface of said sealing rotor and
aaid periphery of said piston rotor shaft;

said piston being so shaped that one of said boundary
edges of said receiving opening moves in sealed
engagement along said concave surface of said
piston with the other of said boundary edges being
displaced radially inwardly from said peripheral
surface of said sealing rotor and being formed be-
tween said portion kinematically necessary for
movement of said piston through said cavity and
said additional volume, said other boundary edge
moving in sealing engagement along said radially
outer convex surface part of said piston;

said sealing rotor being formed with an edge portion
which is convexly curved taken relative to the axis
of rotation thereof which extends from said other
of said boundary edges in a direction toward said
peripheral surface of said sealing rotor, said con-
vexly curved edge portion rolling off on a surface
part of said piston during operation of said ma-
chine; and -

at least one recess being provided between said con-
vexly curved edge portion and said circular cylin-
drical peripheral surface of said sealing rotor oper-
ative to avoid said compressive effect.

7. A machine according to claim 6 wherein said con-

vexly curved edge portion merges continuously into
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said peripheral surface of said sealing rotor with at least
one recess being provided in that portion of said piston
which joins radially inwardly on said outer convex
surface part of said piston.

8. A machine according to claim 6, wherein said
boundary edges of said sealing rotor extend parallel to
the axis of rotation thereof, said machine further com-

prising strips defining said edge portions secured to the
wall of said shell.

9. An external shaft rotary piston machine compris-

ing:

a piston rotor having a shaft with an outer periphery
which carries at least one piston, said at least one
pison having a concave surface and a radially outer
convex surface part;

a sealing rotor having a circular cylindrical periph-
eral surface, said sealing rotor being structured to
define an enclosed cavity comprising a receiving
opening having a leading and a trailing boundary
edge adapted to receive therein said piston of said
piston rotor, said cavity being formed to consist
essentially of a portion kinematically necessary for

movement of said piston through said cavity and of

an additional volume adjacent to said leading and
trailing boundary edges, said cavity thereby being
larger than kinematically necessary for movement
of said piston through said cavity by said additional
volume so as to avoid the occurrence of compres-
sive effects upon fluid squeezed between surfaces
moving rapidly toward each other; and
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a common housing enclosing both said sealing rotor

and said piston rotor;

satd sealing rotor and said piston rotor being struc-

tured so that a sealing point is formed between said
circular peripheral surface of said sealing rotor and
said periphery of said piston rotor shaft;

said piston being so shaped that one of said boundary

edges of said receiving opening moves in sealed
engagement along said concave surface of said
piston with the other of satd boundary edges being
displaced radially inwardly from said peripheral
surface of said sealing rotor and being formed be-
tween said portion kinematically necessary for
movement of said piston through said cavity and
said additional volume, said other boundary edge
moving in sealing engagement along said radially
outer convex surface part of said piston;

said sealing rotor being formed with an edge portion

which is convexly curved taken relative to the axis
of rotation thereof which extends from said other
of said boundary edges in a direction toward said
peripheral surface of said sealing rotor, said con-
vexly curved edge portion rolling off on a surface
part of said piston during operation of said ma-
chine;

said convexly curved edge portion merging continu-

ously into said peripheral surface of aaid sealing
rotor with at least one recess being provided in that
portion of said piston which joins radially inwardly

on said outer convex surface part of said piston.
¥ % % % X
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